Background The durability and risks associated with total hip arthroplasty (THA) for patients with a history of Legg-Calvé-Perthes disease (LCPD) are not well known. Questions/purpose We sought to (1) determine the survivorship of THAs performed for LCPD; (2) assess hip scores and complications associated with THA in this patient population; and (3) compare results between patients who had undergone surgery in childhood with patients who had conservative treatment. Methods We reviewed 99 primary THAs performed in 95 patients with a history of LCPD with minimum 2-year followup (mean ± SD, 8 ± 5 years). Mean age at THA was 48 ± 15 years. Results A total of 10 revisions were performed. Using revision for any reason as the end point, the 8-year survival rate was 90% (95% confidence interval [CI], 76%-96%) for cementless implants compared with 86% (95% CI, 57%-96%) for hybrid implants. The mean Harris hip score improved by 31 ± 16 (n = 76). Complications occurred in 16% of hips. The most common major complication was intraoperative fracture (eight femoral, one acetabular).
Introduction
Legg-Calvé-Perthes disease (LCPD) is believed to represent idiopathic avascular necrosis of the femoral head, which typically develops in children aged 3 to 10 years [7, 15] . Treatments for this condition are diverse, partly because the long-term outcomes of the disease are poorly understood [7] . Historic treatments involved bracing, prolonged bedrest, and immobilization [16] . Prospective data support the use of femoral or pelvic osteotomies for children older than the age of 6 to 8 years at disease onset [8, 9, 21] . A recent prospective series found a 5% rate of THA at 20 years after nonoperative treatment of LCPD [12] . Nevertheless, there are limited data available in the literature regarding the characteristics and complications of THA in patients with a history of LCPD [4, 18, 19] . To refine treatment techniques, it is important to understand the longevity of hips affected by LCPD and identify any risk factors associated with THA in this population.
We undertook a retrospective review of a large total joint arthroplasty registry at a tertiary referral center. In our study, we sought to (1) determine the survivorship of THAs performed for LCPD; (2) assess hip scores and complications associated with THA in this patient population; and (3) compare results between patients with a history of surgery for LCPD at childhood with patients who had been treated conservatively.
Patients and Methods
We performed a review of an established computerized arthroplasty registry at a single tertiary care center and identified all patients with LCPD treated with THA between 1989 and 2009. Over this period, 161 hips in 153 patients with an associated diagnosis of LCPD underwent THA. During this timeframe, a total of 16,051 THAs were performed at our high-volume arthroplasty center. Those patients who did not have a documented childhood history of treated LCPD were excluded (56 hips in 52 patients). The hips that merely had the appearance of previous LCPD at the time of arthroplasty were excluded. This left a total of 105 hips in 101 patients who underwent THA for a confirmed childhood history of LCPD. Therefore, hips replaced as a result of the sequelae of LCPD represented 0.6% of all primary hip arthroplasties performed at our center during the study period.
At our institution, patients undergoing arthroplasty are followed prospectively at regular intervals (3 months, 6 months, 1 year, 5 years, 10 years, and 20 years) [1] . Six patients did not achieve a minimum of 2 years followup and were excluded. This left 95 patients (99 hips) with a minimum of 2 years followup (range, 2-21 years). All patients either had a pediatric radiographic record of childhood LCPD or reported a history of undergoing operative or nonoperative treatment for LCPD. Time to followup is calculated as time from surgery to most recent visit. Fifteen patients had undergone childhood treatment at our center. Thirty hips (30%) had undergone previous childhood surgery, including pelvic osteotomy (five), femoral osteotomy (12) , femoral osteotomy plus soft tissue procedure (four), femoral and pelvic osteotomy (one), and soft tissue procedure (eight).
Medical records and radiographs were reviewed for all patients. The radiographs were reviewed before arthroplasty and at latest postoperative followup. Latest radiographs were reviewed by an orthopaedist specializing in adult reconstruction (TMM) for osteolysis around cemented and cementless stems according to Engh et al. and Gruen et al. criteria [2, 5] , osteolysis around cemented and cementless cups according to Hodgkinson et al. and Udomkiat et al. criteria [10, 20] , and polyethylene wear [13] on AP pelvic radiographs. The leg lengthening assessment was performed by measuring the leg length discrepancy pre-and postoperatively. The leg length discrepancy is measured from the line intersecting the ischial tuberosities to the midpoint of the lesser trochanter on both sides. The total of pre-and postoperative discrepancies represents the leg lengthening. Radiographic measures were multiplied by 0.85 to correct for magnification error. Preoperative, postoperative, and change in leg length discrepancy were recorded.
Our study cohort is comprised of 95 patients (99 hips) who had THA for the sequelae of LCPD with minimum 2-year followup (range, 2-21 years). There were 76 men (79 hips) and 19 women (20 hips). The mean patient age at arthroplasty was 48 ± 15 years with a mean followup of 8 ± 5 years. The mean body mass index (BMI) was 29 ± 6 kg/m 2 . Thirty hips had a history of childhood surgery. Patients with a history of previous childhood hip surgery were significantly younger at the time of arthroplasty compared with patients who were treated nonoperatively as a child (p = 0.0006). There were no other significant demographic differences between the childhood operative and nonoperative cohorts ( Table 1) .
The mean operative time at THA was 171 ± 63 minutes. The mean blood loss was 757 ± 643 mL. Three patients had retained implants requiring removal at the time of arthroplasty. Three patients underwent a transtrochanteric approach. The remaining hips were exposed with either an anterolateral approach (40 hips) or posterior approach (56 hips). The implant design, fixation technique, and bearing surface type were also reviewed ( Table 2 ). The bearing surface was metal on polyethylene in 79 hips, metal on metal in seven hips, ceramic on ceramic in seven hips, and ceramic on polyethylene in six hips. The constructs were cementless in 76 hips, hybrid (cemented stem and cementless cup) in 21 hips, and all cemented in the remaining two hips. The mean clinical followup for cementless and hybrid constructs were 7 ± 5 and 8 ± 4 years, respectively. Perioperative complications (fractures, sciatic nerve injury, and thromboembolic event), reoperations without component exchange (irrigation and débridement and reduction for hip instability), and revision surgery with component exchange were also reviewed. Harris hip score was calculated preoperatively and at the time of latest clinical followup [6] .
Pearson's chi-square test was used to compare binary variables (sex, complications, fracture, and neurological deficit). Two-tailed Student's t-test was used to compare continuous variables (age, operative time, blood loss, height, weight, BMI, Harris hip score, and leg length discrepancy measurements). Matched pairs analysis was used to compare pre-and postoperative Harris hip scores. A Kaplan-Meier analysis was used to assess the survival at 8 years for THA and for individual components (femoral stem and cup) using revision for any cause as an end point. Log-rank test was used to compare Kaplan-Meier survival curves for stratified factor (history of childhood surgical treatment for LCPD). Significance was set at a p value \ 0.05. All statistical analyses were performed using JMP 1 software (JMP, Version 9.0.1; SAS Institute Inc, Cary, NC, USA).
Institutional review board approval was obtained for all aspects of this study.
Results
During the followup period, a total of 10 revision surgical procedures were performed (Table 3 ). Using revision for any reason as an end point, Kaplan-Meier survival estimate at 8 years for the entire cohort (99 THAs) was 89% (95% confidence interval [CI], 77%-95%) ( Fig. 1) . At 8-year followup, the survival from any revision for cementless implants was 90% (95% CI, 76%-96%); however, hybrid implants showed only 86% survival (95% CI, 57%-96%) ( Table 4 ). Evaluating THA components, the 8-year survival from liner exchange and or acetabular component revision was 94% (95% CI, 83%-98%) and from femoral component revision was 95% (95% CI, 85%-98%). For cementless femoral components, the 8-year survival rate from revision for any reason was 96% (95% CI, 85%-99%) compared with 94% (95% CI, 66%-99%) for cemented femoral components (Fig. 2) .
At latest followup, the Harris hip scores were available pre-and postoperative for 76 hips. They improved by a mean of 31 ± 16 points (p \ 0.001), from 56 (range; 25 to (6) Implex, Allendale, NJ, USA Hedrocel (11), Elliptical (2) Osteonics, Mahwah, NJ, USA Omnifit PSL (12), Omnifit Dual Geometry (4), Secur Fit Cluster (2), Micro Dual Geometry (1), Omnifit (1), Omnifit Spherical (1) 85) to 88 points (range, 50-100) at latest followup. Latest radiographs were also reviewed for patients (Table 5 ). Complications were common in this series; of the 99 hips, 16 hips (16%) sustained a total of 17 complications (Table 6 ). Nine THAs were complicated by intraoperative fracture (eight femoral, one acetabular). Five femoral fractures were treated with cables and wires for stabilization, whereas the remaining three fractures were stable. The acetabular fracture underwent cancellous bone grafting. Neurologic complications at the time of THA were frequent. Three patients developed sciatic nerve palsy; one was permanent and two resolved (Fig. 3) . The three patients were lengthened by 2, 1.3, and 3.2 cm (mean, 2.2 cm) at the time of THA compared with the mean of 1.4 ± 1 cm in the patients who did not sustain a neurologic injury (p = 0.3) ( Fig. 4) . Interestingly, for patients with a nerve injury, the arthroplasty side was overlengthened to 1.2 ± 0.4 cm longer than the unaffected side compared with 0.1 ± 1 cm in patients without a nerve injury (p = 0.024). As an additional complication, one patient died from sepsis as a result of an infected primary THA (Table 6 ).
No significant difference in outcomes was detected between patients with LCPD who underwent previous childhood surgery compared with typical patients with LCPD who were treated conservatively ( Table 7) . However, a higher complication rate and lower implant longevity at 12-year followup were noted in patients with LCPD who underwent previous childhood surgery, although this did not reach statistical significance (Fig. 5 ). 
Discussion
This study evaluates a population of 95 patients treated in childhood for LCPD who later underwent THA. Evaluation of the treatment efforts for LCPD is made more difficult by the long followup that is called for in these relatively young patients to determine the efficacy of treatment [16] . The goal of childhood LCPD treatment is to prevent end-stage arthritis, which today typically is addressed with THA. The present report focuses on a group of patients with LCPD who went on to THA as a result of their pediatric hip diagnosis. We found that although survivorship of these hip reconstructions was generally good, serious complications were frequent. There are several limitations to the study. Data regarding the childhood treatment course and early radiographs are limited. Thus, we cannot attempt to correlate pediatric treatment of the disease or disease severity with our reported results of THA, because these data were deficient. Although we have survivorship data by implant type (cementless, hybrid, and cemented), this comparison was not a primary study end point, and a number of confounding variables likely affected these results (including selection bias, implant differences, and modifications in technique over time); thus, we would consider these comparisons hypothesis-generating for future research rather than conclusive.
In our series, modern cementless implants had acceptable survivorship of 90% at 8-year followup. The only previous report of THA survivorship in patients with a history of LCPD cites a 96% survivorship at 15 years for primarily ingrowth components [19] . Schmitz et al. reported a 90% 10-year survival rate for patients younger than age 30 years undergoing cemented arthroplasty for a variety of indications [14] . Takenaga et al. report 86% 10-to 15-year survivorship for uncemented implants in patients younger than age 50 years [17] . Thus, our series compares favorably with other reports of THA in a younger cohort of patients.
However, we found a high rate of neurologic injury in patients with a history of LCPD undergoing THA. Nearly 3% of patients sustained a postoperative neurologic deficit with one patient sustaining a permanent deficit. This is much higher than the reported risk of 0.17% of patients undergoing arthroplasty for any cause [3] . Although hip dysplasia has long been known to be a risk factor for neurologic complications, LCPD has not typically been thought of as a risk factor for sciatic nerve palsy [3] . One small case series also reports a high rate of neurologic deficit in patients with LCPD undergoing arthroplasty (6% [two of 32 patients]) [19] . Perhaps the longstanding nature of the shortened limb may put the patient at increased risk of neurologic injury compared with the typical patient with osteoarthritis. For patients with LCPD with severe length leg discrepancy, shortening osteotomies may be considered, similar to the severe dysplasia population [11] . The other study also found a high risk of femoral fracture (3%) [19] compared with 9% in our series. A history of childhood surgery or femoral osteotomy was not associated with intraoperative fracture rate in our analysis. Finally, this article sought to compare results in patients with LCPD who had surgical treatment as a child versus those patients who had nonoperative treatment. We found no significant differences between these two cohorts, although patients with childhood surgery were typically younger at the time of arthroplasty, likely reflecting the changing trends in treatment of LCPD over the last decades. Conservative management of LCPD was the standard treatment until recent decades.
Patients with LCPD who undergo THA represent a therapeutic challenge. Fractures and motor nerve palsies At presentation, the leg length discrepancy is measured at 3.7 cm (4.9-1.2 cm) with the affected leg shorter than the unaffected side. (B) Postoperatively, the leg was lengthened without neurological incident. Now, the leg length discrepancy measured 0.4 cm (2.9-2.5 cm). are more frequent in this population. Future research to alleviate lifetime morbidity in patients with LCPD should be focused on delaying end-stage arthritis in the young adult and on approaches to THA in the younger patient that will increase the durability of the reconstructions.
